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STATEMENT OF PROBLEM

There is rassen to balieve that-thermotouples cur-

¢ rently in uee on missile and aircraft inatallations, for

measuring air temperscures (in the approximate rangs 70°F -
200°F) in the vicinity of radiant heat acurces, ars not
optimum from the standpeoint of accuracy, uniformity,
complexity, and structural properties. Specifically,
thermocouples presently used extenamively on B-62 teat stand

prograzs and on F~-89 angine bay cooling programs are sugpected

¢f being seriocusly in error and diverss in performance,

The objectives of the present test are twofold: (1)
te compars the air tempsratures measwred by thermccouples
now in use with temperatures neasured by a reference

¥standard" taken to be measuring “trus" air temperature;

- {2) to compare the reading' of several varities of

thermocoupleswith readings obtained from the aspecizens
above, and wlth the standard, in an effort to ascertain
the optimum instrument,

The smphazis in Che present invastigation, then, is
on cemparigon, in order to rank the specimens in order of
increasing accuracy, where accuracy is defined as the
diffarencs batwesn speclmen reading and standard reading
for a particular operating condition, or "fix®, It was

anticipated that the data gathered in compliance with

{ |
|
Aot
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the first-named objective above could ba used for cor-

recting tha temperasurs readings of thermocouples I
presently in use; however, such & procedure should be
used with reservation, and only when 1t 18 impractical
to install more accurate thermocouples and repsat a #
given test.
Once an optimum instrument ia8 chosen, the calibra-
tion of a few random samples of the specimen will give
a measure of the quality control,
In conformity with ths objectives, the following
spezimens were tested:
(1) and {2)t Two sampla 1 in. long, single-shield,
specimens (Figure 4B)
{3): One 2 in. long, single~shield, specimen
{Figure LB)
{4}t COne 2 in. ldng, double-shield, specimen
{Pigure 4C)
(5 Gne 2 i{n. long, triple-shield, specimen
{Figure 40) | - |
(5): ' “ne Revars Corporation thermocouple -
8 1=-1/4 4in. long triple shield specimen
with encapsulated junction. (Reference
Revere TK2702P Modification by NAI ETD
#702369, pz. 2, item 12)
(7)1 One bare thermoctoupla {Photse pg, 72 ) I

b s

1 v G 4 e
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{(8) and (9): Two sample "umbrella" - shield specimens (Figure 4A)

currently in use on F=-89 engine bay cooling programs.
The shield material is stainlese=stesl tubing; the elements
are Iron-Constantan with silver-soldered junctions. Photographs
of the specimens are shown on pg.71 - 7.
As the test progressed, it became evident that some room
was left for improvement; accordingly, the following edditional
- specimensg were designad and tested:
{10): One eample 2 in. x % in., flat umbrella~-shield specimen
(Pigure 4LE) '

(11): Same as (10) but with insulation and aluminuz foil over
top of shiegld.
{12}t One sample 2 in. long inner-3} in. long outer-shield
apecimen (Figure 4G).
{13): Same as {12) but with Venturi-shaped inner shield (Figure
LF)
The temperature-sensing element is the same as for the

pamples (1) through {9} above, but the shield material isg aluminum,

Photographs of the specimens tested are shown on rages

e ML )

The temperatures messured by these specimens were compared
to that measured by a double-shielded aspirated thermocouple
which was used ae & standard. The test chamber used (Figure 5
and photos pg. 70 | waa dimensioned so asz to simulete canditiona

extant in the engine bay, and saveral representative {low and

s

hot wall corditions weras considerad. : T

i
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COHCLUSIONS

Strictly speaking, the performance of the various
specimens is limited to the present experimental con-
figuration, (Reference 10}, but there ims littls reason
to believe that the order of increasing accuracy dis-
covered here would actually be reversed for s differsnt
test chamber geometry. Furthermecre, while the inaccuracy
i8 not the same function of flow and hot wall conditions
for each specimean, the overall test results suggest the
following ranking, in order of increasing accuracy
{numbering refers to that assigned to spetimens undaer

"Statement of Problem", above)!:

S|
| (9) <{2) <(7) <(1) <(8) <(6} ¥ (3) ¥ (4)<{10) < (11} <(13) <(5) <{12)
: The actual test results are shown in the graphs of Figures 2.

S

Two striking results are immediately apparent from

the above arrangement: (a) The difference in the per-

formance of aamples of, presumably, the #ams specimen,

e.g.}'zhermocauplaa»(l)’and (2)7and, particularly, (8)

and (9): (v} The approximatuly equal performance of such
geometrically dissimilar spacimens as (3), {(4), and (8).
AS was suspected, the thermocouples now in use are.

reading much too high, and the data of Pigure 2F, or

L

S ———

-



i e AR T ALY A
KoM i9:7A ENGINERR FAGE
o C.X.Gordon Jr. 5
::-vf‘“ NORTHROP AIICRAFT, INC. REFBRT NG,
' NAI-55-278
B CATS WODRL
H dupgust 1955

\ \
|

(

Table 1 which shows the rangs of spplicability
(apecimen-meagurad air tanposMture) should be used
to ”cbrrect" the readings obtained in the paat with
these inatruments,

The results {Figurass 2H) frox one of the newly
designed instrumaents, specimen number {12}, with the
3 in. long outer, 2 in. long inner, aluminum ahields
(Figure 4G) are very encouraging. This instrument
functions every bit as well as the more cumbersome
standard in the presence of a hot wall radiant sourcs
a8 high as S00"F when the air temperature is in the
vicinity of 70 - G0°P, and the flow is in the vicinity
of 48.1b - min=l £t =2, For & somewhst lower flow, 19

L ft'z, this inastrument measured 10°F ahove

1b - min”
the standard for a hot wall of 900°F and air temperaturae
in the vicinity of 80" = 100°F. At still lower flows
(9.6 1lb - min'l - ft°¢) the error‘is sor:ewhat greater,
the apescimen rasding 14°F abeve the standsrd for both a
700°F and a 900°P hot wall, Fér fero kain air flow
this instrument rsads 85°F above the‘standard for a hot
wall at G0O°F, 49°F above the standard for a hot wall

at 700°7, and 27°F above the standard for a 500°F hot
wall, Zven 80, it will be noted that this doubls-shield

gpecimen performs considerably better than any other

speclmen tested for all flow and hot wall conditions

|
g
l

f

t
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considered {Cf Figuree 2D and RK). It is {nteresting to
note that whergas the slope {intespretsd as the rate of
change of "error™ with hot wall temperature) of most of
the curves increas8es with increasing hot wall tempera- 4
ture, in the cass of both this double-shield and the - ¥
triple-shield specimens it decreases with increasing hot

wall temperature in the woderats to low flow ranges.

The effect of flow orientation on this doeuble-shield

instrument is shown on Figures 3Q, R, S and T.

]
The consideration of an "umbrslla”™ shield thermoa. -
couple, which a perfunctory thermodynamic analysis ‘

) ety

indicates to be subject to great error, is justified in

the deaire for a device that is insensitive to flow

orientation. The umbralla~shield specimens are indeed
less gensitive to the air flow vector, but the steeper
slope of the curves, aignifying graeater intrinsic
error, exaggerates any differences as shown con Figuras 3.
The flat umbrella~shield thermocouples (Figure LE) were
‘designed in an effert te -overcoms the gfTect of shiesld
curvature, which modifiss the air flow pattern over the
junction as orientation i{s changed., An sdditional ’
advantage of the flat shield is that it precludes the
posaibility of radiation being focumed on the junction
by the shield. The instrument designed, particulerly
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the insulated-ghield specimen, gompares faverably
{Pigure 2F) with the better of the curved-umbralla-
shield specimens {Spec. 8) now in use and has the
added advantage of being less sensitive to flow
orientation (Pigures 3 K, N, O, and P) and of
raquiring less cere in manufacture. HoweVDr, the _
decreased flow-orientation sensitivity i8s not felt
to be of sufficient significance to warrant this
instrument's use {especially in view of its
greater inherent inaccuracy) in deference to the

completely shielded instrument.

Thermodynamic congiliderations indicate that the
various specimens should read "truar" at high flows
and such ia indeed the case. Figure la, for
example, indicateg that 1t would be fairly safs |
to assume that above about 100 1b., min=! - ft‘2
and a hot wall radiant source at 900 P, the devia-
tions among ‘the varioua apccimens, as well as the

dsviations of sach specimen from “true” air texpera-

ture, will not be significant. Filguras 1 are
ineluded merely to indicate the nature of the : l
3
i

dependence of temperature reading on flow and
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do not glve a tiue picture of thea inaccuracy.

The points along a given ordinate represent
different "fixes", g.g., st 12 1b -~ min=l ft< and
a $00°F hot wall the reading of the curved~

R A T M A WA

umbrella specimen ie referrsd to the upper curve

' of the standard whereas the 2 in. single-shield
spocimen relors to the lower curve (Table 1 ).
1

For the sake of clarity not allﬁof ﬁhe spacimena
are shown on these graphs,

Since the hot wall could not be maintained at
e uniform temperature throughout, the temperatures
near the center of the hot wall were adjusted to
5007, 700°, and 900°F for the various runs
{Reference 10}, Some typical temperature distri-
butions are shown in Table 1.

A calibration tast was run by aimultaneoualy
i{mmersing all the specimene in & bath of Dow Corning
#710 Fluid. At hath temperatures of 70°F, 150°F,

and 212°F (a# measurad by a mercury-in-glass

I et e
.

therr-neter) all the mpecimens read within one or

oo P A SO X S0 e S SR

two degrees of one another, and no specimen gavse
a temperaturs differing by more than 3° from that
indicated by the thermometer.

L

|

{
ot
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The following "rixes" were ﬁzéd a8 being reprasenta- g
tive of conditions for which aprlication of the thermo-
couple is contemplated:

48 lbemin~l £t=2; turbulent flow; hot wall 5007, 700°F, and S00°F (1)
19 1 u , L T n n n n £

H 9. 6 n t 1 n n ] LE; 1 mn

0 flow; hot wall 500", 700, and QCO°F

The aspirated air flows for the standard {reference)

7 thermocouple are as follows:

b 20 1b-hr-l for 9O00°F hot wall, zero flow
1& H ) 700“? n n n n
16 n 500F " A "

14, " with flow, for all hot wall temperatures.

Under these conditions, the standard was taicen

to bo measuring “true’ air tempersture.

Note (1) As mentioned under "conclucion” above, these
temperatures refar to the center of the hot wall,

immediately sbove the specimen and standard.

Iﬂmm
1
|
|
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ASSUMPTIOHNS

Tihie paramount aaaumption'fﬁtthe ps 88ent inveatigsa=-
tion is thet the referencs standard, which i® a doubla-
shield appirated thermocouple (Pigure 6) gives a true
indication of the air temperature.

The idea of an aspirated thermocouple i3 an old
one, dating back as early as 1887 in a model used by
R. Assman (Refsrence 1l); it soon became an eatablianed
means of temperature measurement in Germany, and, at
one time, imported models sold for $300.00 in this
country.

The inatrument used in the prasent teat is quits
simtlar to Assman's sarly model and operates on the
same principie {Reference 5}, Thermocouples in the
vieinity of radisnt soﬁrées will be at a higher
texperature than the surrounding air, provided that
the air is at & lower tesmpsraturs than the radiant

source, due to the radiation incident on the thermo-

R Couple'ila. In the converse cage, Qhere'hot air is
flowing through & cool duct, ths thermocouple will ]
ragister a lower temperabure‘than that of the air
since it looséa heat, via radiation, to the cooler

AN
walls (References 2 and 3). By increasing the

Note (1] For all practical purpcses, air may be considered trans~

parent to this radiation; it therefore becomas heatad by convzctisn i

- from ths hol wall, - ”l S
W———_* B -
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N " ‘registered by the thermoéouple is plotted vorsus the

o

velocity of the air over the junction, the Nusselt
modulus, and nence the rate of copwective heat iransfer,
is increased so that the temperature of the junction
approaches the air temperature. Each increment in air
velocity will result in & decrement in the temperaturse
rezistersd by the thermocoupls until:a point is reached
at Which further increass in flow leads to no change

in temperature. This point, then, zay be taken as the

dofinivion of "truaﬁ#iig"%gipuréture.

F It ghould bérgoﬁed, however, thet if the temperature
aspirated air flow 8 curve reaqmbling one branch of
hyperbola is obtainsd. In bthér words, tha point at

which a further increass in air flow leads to ne further

decrease in measured temperature may not be the loweat
temperature the instrumsnt could measure. Thus, where-
as 2 lb-hr~! increments may be quite satiafactory near

the "knea™ of the curve, as the agymptote is approached

s
Lt A g

a further deeprs 5f 2 or 3 degreas might bs obtained

after three or f{our szsdditional ? lb-br'l

increments.

The reason for belaboring the above point ia that
the "good"” specimen was 8o good 1t exceeded the accuracy
of the standard, {under the present sxperimental condi-
tions) reading 3°F lower at one fix (48 1b-min=1 - ft'z;

Q00°F hot wall,)

This does not militate against

.
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the utility of the present investligation whose primary
cbjective wea ths cholce of an coTinwn instrurnent from
among & group of spacimens whose parformances wera
compared. For this reason, the curves (Figure 2K) are
not extended below the abscissa. In other woerds, having
chosen a standard, it would be incompatible with the
thermodynamics of the prasent situation {radiant source
and cooler air) to draw a4 graph indicating thst a
certain number cf degrees are to be added to the reading
of the specimen, for as noted above, 1t is pcssible

for the asmpirsted thermocouple to read slightly above
the true air temperature because of the asymptetic
nature of its temperature ve air flow curve,

An additiconal assumption, though it would seem frem
aymmetry considerations to be & vary reasonable one, is
that the apecimen and the aspirated thermocouple each
méaﬂura the same thing, i.e., air at the same temperature

end under roughly equal flow ccnditions. Furthermore,

ths specimen and steridard are regarded as baing in,

oesaentially, the same environment from a radiation and

over-all {low pattern standpoint.
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RECUMMENDATIONS

it 48 recommeondod that the use of 2all umbrella-shisld
shermocouples be discontinued. Temnaratures formcrly recerdsd
by these instruments and used in current analyses should be
corracted by interpolating between the two samples tested
{Figure 2F), though the use of such & corraection procedurs

is discouraged &5 noted in Reference (3).

Use of the 2 in., long inner, 3 in. long outer aluminum=-
shield speciman (Figure 4G) is recommended; these devices
should be used for instrumentation requiring the méssurement
of air temperatures in the vicinity of radisnt heat sources
and air flows in the range covered by thess tests.

Three or four random samples should be chosen from &
group of these specimens in order to obtain a measure of the
diepersion, or scatter, in their accuracy. It is essential
that resscnable care be exercised to asaure s uniform product
o8 attested to hy the wide discrepanciea noted above between
eamples of the same ;pecimen. Whether =& correction, using
graphs such ag Figure 2R, 1l to be 2pplied to the readings
ohtained.with this: instrument way be left to the discretion
of the enginesr in charge. It is balieved, however,that the
accuracy of this type of instrument is adequate for the tests
and heat transfer analyses cenducted on engine bays, altheugh

it may bs desirabls to apply a correction for flow orientaﬁion,

using the curves of Figures 3Q, 3R, 35 and 3T.
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Reperts dealing wlth the Degauxranent of ges
tﬁmporatﬁrea are legion (Reference 4). However, ro
previous work in the nature of the pregent study aseems
to have been undertaken.

Fis noted in all these reports, the exact measure- ;

ment of &ir temperatures is hindered by ths many in- i

acgcuracies inherent in this type of measursment. Thesa ! ;
srrors, while they cannot be elimihated in thelir i
entirsty, may, howcver, be rendzred much ieas effective
{References 6 and 7). Among the more influsntial

factors contributing to the arror of measurement the

followinz mey be sirigled out a8 deserving special

consideration: )

Conduction Erpror: If the thermocouple is attached

to & aurfacé et a iower {or higher) temperature
than the sif amreaﬁ, heat will be conducted away
from'(or to] the junction along the thermocouple
leads to {or from).tha cooler {or hotter) surface
with the result that ths thermocouple junction
will read too high (or too low). Thie effect can
(1)

be reduced {(a} by decreasing the wire diameter

Note {I}: OQther things being equal, a reduction from 8 G& Lo é2‘Ua

in the leads of a bare thermocouple resulted in an increass in

measured air temperature from 1850°F to 1950°F (the latter being

- clesgr to "Urus™ air temperatursl - Ref. &, Fig. 7, p. 815,
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(b} by tnsulating the wire from the point of
attachment, and (c} by exposing & section of
the bare wire, lcading away from the junction,
to the air stream; the latter procedure helps
to maintain the junction at air temperaturs by
keeping the conduction path leading from the
junction near air temperature. The conduction

"~ error may be evaluated from

T~ T
(T, - T) R A (1)
t ¢ cosh {ml)
( where T = Total temperature (Theoreticalyvalue)

Ty = Indicated total temperature (Ty >T)

a

Ty = Wall temperature (T > Ty >Th—""
L = Immersed length of probe.

ang,
® e /DS
A (1a)
where h = Surface coefficient ("Film coefficient)

of heat transfer.

"k = Thermal conductivity of probermaterial.

s Surfaca Avea of probe,

o et o e SR I S

A = (ross-sectional aerea.of probe.
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From Equation (1) it follows that the c¢onduction

error is directly propertimmal to tho difference ‘ ;
between the temperature of the gas and the f
temperature of the wall in which the probe is |

mounted and inversely proporticnal to the length

RO P

of the probg., Furthermors, it {s azen that the
orror becomes smaller with increasing m (Equation
la), t.e., when the surface coefficient of heat
transfer is large, and whan the thermal conduca-
tivity and cross-sectional area eof the probe

- { ) are small.

Radiation EZrror: Thermocouples, in the presence
of radiant sources at a temperature above that
of the surrounding air, receive héat,dirgctly
from the radiating source (air being transparent

to this radiation) and hence will be at a

temperature ebove that of the air., Two reans

of combating this problem are: (a) Shielding !
the junction from the radisnt source using i
ona or more shields (b) Increasing the velocity

of the air over theljunction which has the

effect of increasing the Réynolda"modulus which,

at a given temperatura {constant Prandtl modulus),

[Ny
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increases the Nusselt modulus; thus more heat
is convected away from the junction {(or towards.
the junctioﬁlif the latte;fhappens to be below
air temperaturs) with the result that it approxi-
mates the air témperature more closely. The
thermometric error, (T; - Tlg, due to radiative
heat exchange between the sensing element and
the surroundings, for a temperature probe with
one radiation shield and a surface area of the
sensing element small compared with the surface
area of the shield, is given by

Ty - Tlg. = ‘ﬁlilf§§5—)a - (= 41 (2)

—

where (= Stephan-Boltzmann constant
£ a Emisaivity of the temperature
senasing element
h = Surface coefficient of heat transfer

from the sensing element to the zas.

T, Ty, and T = The total temperzturs of the pas,

the indicated temperature of the

probe, and the temperature of

the radietion shield, respectively.
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{ Equation {(2) shows that, in order to reduce
the radiation error, thqﬁgmignivity of tha
sensing element should Sé low {this is one
resson for silver—aolddring the junction),
that the surface cosfficient of heat transfer
should be large, and that the temperature
difference between the element and the radiation
--ghteld should be asmall; this is sometimes

accomplished by durrcunding the inner shield
R R with one or more outer shislda. Ihterpoling
- one shield between a radiating body and its
H,:Uurroundingl will reduce  the radiation by one=~
half, or to 1/(n + 1) of‘the,valua without
‘shields, for approximately stagnant air
(Reference 2) and to about 172" with flowing

e M bt o T R s S =

zir (Reference 3), whers n i5 the numbar of
ghielda.

Impact apd Priction Errori These effects causs
the thermccouple to read too high. Prictisem,- §

in the boundary layer adjacent to the junetion,
will cause the boundary layer to assume a
température somewhat higher than fres stream

and the compressidbility effects will do likewise.

( The compressibility effects are accounted for
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in the exprossion
/T, = 1+ l.@éf;iff' u (3)

where M « lach number
J = Ratio of specific heats, Cp/C,
T - = Total temperature
T = Static tamfarature
The fact that the gas at the probe surface has
& temperature greater than free stream temparature,
Tys» (end lower than T} is taken into account by

defining a "recovery factor,"

r o= (Tp = T/T - Ty, (%)

where T, < T, <T and T, is called the rscovery '
temperaturs. As seen by Eq. (4), r ig a messure
of the fraction of the difference between T‘and To
by which the ssnaing element increases in tempera-
ture due to the conversicn of kinetic energy into

heé£>éhergy} At the low flows heraein considered,

e}

this socurce of error may be neglacted in comparigon

‘ with the radiestion and conduction errors.
! In summary, the temperature assumsd by the thermo-

couple is characteristic of a steady state in which the
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rate of heat transfer from the surroundings tg the
Junetion, via radiation, is aqual to the rate of hea
tranafer ggg_ the junction to the surroundinges via
convection and conduction.

Assuming that the conduction error is made negligible

by proper insulation, etc., then, in steady state,
Qg = Q, | (5)

i.e., the radiated heat in equals the conveoted heat

out. Furthermore,

Qe = he 4y (Tpd:.?z)’ BTU/hr - (6)

and

Qg = Té a_ v, (T ‘. Tp“), BTU/br {7)

It is more conveniant to put the latter equation into
a form similar to that for convective heat transfer; 7
thus,

Qg = b A (T, - 1) "BTU/hr T e

For this case, the radiative heat tranafer coefficlent,

h,., can ba computed, with only negligible error for

i
|
|
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most practical application, from

4 JEF ' f/"i" T
H = </ ) [ T, +
T a | — (9)

The dependsnce of this coefficient on the cube of the

average absclute temperaturg (instead of the Lth power)

i merely & matter of convenience in calculation and may
be used where a fairly constant temperature diff{erence
and a varying absolute temperanure nay be assumed
{Refs 3, p. 135) |

( ' Combining the above equations gives a measure of
the arror of tha proba in terms of the tempsrature

{ differencn between the walls and the gas:

e Pe (M-

Error, T
P8 hpe + hg
¢ Error QO_TT_JL_ - 100 (10)
yes ’ ” Tg r ¢ h ll + hc/hr)
whers Ay ~ Probe area, ft2 ,
o . FEEE T
' FosFy = Geometric factors for radiation
h, = Convective heat transfer coefficient,
BTU/hr=ft? “F
hy « Radiative heat transfer coefficient,

" BTU/hr-£t° °F
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Tg = Effcective gas temperature { = atasic 3

) temperature plus recovery factor times ;

total minus statlc) ' l ;

Tw «» Average wall tamperature for radiation ‘F %

(a complex quantity consisting of a

combination of shape factors and well

temperatures)
€ = Total radiant emittance
o~ = §Stephan - Boltzmann Constant

The above development is taken from Reference 3 with minor
changes to fit the present situation.

Equation (10) clearly bringa out the fact that, if
the convactive heat transfer coefficient is extremely
large compared to the radiative heat tranasfer cosfficient,
the per cent error approaches zerc, i.e., probe temperaturs
equals gas temperature. On the other hand, if the radiation
is extremely high, the error approaches 100%, i.e., probe

temperature equals wall temperaturc.

Equation (10) ;iabrahowa that aoc long as the radiation
18 not zeroc and there is5 a difference between gas eand wall

temperature, even if no other sources of error are present,

the probe temperature can never equal the gas temperature.




PORM RO-TA
‘R, 9.81)

R
SNGINEER PAGE 23
C. e
oK Gordon_Jr NQRTHROP AIRCRAFT. INC. REFORTNG. '
NAI~55=278
DAYTE MODEL
Augugt 1655

Turning to the rasults of the present test, the
marked improvement in going from a 1 in. long single-
siiield specimen to a 2 in. long_:;ngle-shield specimen
{CF Figures 24 and B) is sttributed to a change in "shape
factor". Due to the shortness of the former shield, the
thermocouple junction ﬁ;;es"'some of the radiating wall
directly, out through the ends of the shield; the longer
shisld, on the latter specimen, "shedes"™ the junction
better. |

Reasons that would account for the large discrepancy
between the two samples of the 1 in. long single-shield
specimen {(Figure L) are not reedily apparent. Visual
examination did disclose some differences between the
two samples, but the major difference, that the junction
of the better gemple {specinen #1) waa slmost twice
as large as that of the pocrer sample, argues for a
discrepancy the reverse of .that actually observed. That
is, specimen #2 (with the smaller junction) should have
been the more accurate. Such an anomaly (and others) is
not peculiar to the preaeﬂt investigation, however, as
noted in Reference (3). What complicates matters further,
in the case of the 2 samples above, is that the insula-

tion was found to have worked its way out of the shield

i
1 |
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supporc(z) of sample #1 (it is not known at which

point of the investigation this gecurred), and the fact
that its stem (L.e., shield support) is l.1l4 in. long
as compared to sample #2 the stem of which is 1,01 in.
long. _

The fact thatithe 2 in, long double-ghield specimsn
{Figure 4C) is not & materisl improvement over the 2 in.
long single shield specimen (Cf Figures 2B and C) may

well be due to the fact that the inner shield is not

‘completely shaded from radiation. Geometric considera-

tiens, which demonstrate that a strip at each end of
the inner shield sees the radiating wall directly, lend
credence to this view.

As regards the two sample umbrella-shield specimens

{Spects & and 93 Cf PFigure LA), the only conspicuous

difference batwsen them is that the worse sample {Spec.#9)

has & more sharply curvad ehield which, possibly, focused

the radiation in the vicinity of the unction. Messure-
ment diaclosed that the stem (shield support) of the
poorer sample (Spec. #9) is 1.50 in. long while that of
the better sample (Spec. #8) is 1.58 in, léng.

It was in an effort to exclude the possibility of

focusing, 8s well as to inhibit the chénge in air flow

e —— et

attern accompanying a change in specimen orientation,
Note (2)F Tols ceems % %e a commdhibBﬁﬁTé%ﬁE‘ﬁ?ﬁT?"‘*‘"

1Bt the use of
Saueraeisen #7 paste. The other spacimens cen%aiﬁed & coramitc 1ﬂsula-

tor in the stem bondnd wiah Harmes metal vond F=0<1.
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that the flat umbrella-shield specimen (Figure 4Z) was
svolved.

At worst, a half=-shield would seem to afford halfl w
as much protection against radiation. This is not so q
much due to ﬁhe fact that the point of attachment, beling
heated by the radiant source, will be at s higher than.

air temperaturs (and thus radiate directly to the un-

protected "bottom" of the instrument) as it is dus to
the fact that the "bottom" of the instrument will be
I

unprotected from reflected radiation. The amount of
radiation reflected from surfaces near the thermocouple
is not so much dependent on the temperature of the
surfaces ag it 1s on their reflectivities or emissivities,
The relatively poor performance (Figurs 2C) of the
Revere instrument (Photo p. 74 ) was anticipated from
its construction, Previous work (Reference 2} indicates
that when the inter-shield spacing is reduced below &z
certain minimum value the several shields act as a unit,
i.e., offer no more protection than a single shield. Thils
would seem to follow from the fact that heat conduction
along the intershield supporting struts will be greater
the shorter they are {also the thicker they are, and
the more numerous - factors that seem to have been over-

looked in the constructicn of the praesent instrument)
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Furthsrmore, since both the viscosity and conductivity

of air increass with tempsraturs, sovme contribution

the annular pagssages and by heat conduction between

the shields.

The Northrop triple-shield specimen (Figure 4D},

though the shields were not pclished {The Revere

instrument had highly polished shields),

performed

conagiderably batter {as shown by the data of Figurs 2D )

Since an investigation such es the present one

could be continued elmost indefinitely, assessing the

effects of varying factor after factor, it was felt

that a more profitable line of attack would consist

in an outright attempt to design a good instrument

based on thecory tempered with the facts discovered

above.

Thug, an instrument was evolved which

differs in several essentisl respects from any heretofore

considersd: shield material, size and geometry, and

method of inter-shield support.

Of the four new specimens constructed (Figuras

to the increase in error with smaller spacing 1is 7
probaebly made by the retarded convective heating in
i

LE F & G and Photos m.7.,73) the best reasults were

achieved with a 3 in. long outer, 2 in. long inner

o e mAt et

SRMBLI e B e e e e e

e o e = e+ an

i
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aluminum shield specimen (Figure 4G), the inner shield
being attached to the cuter with two elender threaded
gcrews, This double-shield instrument performed
considerably better than either of the triple-shield
specimens considered, as illustrated by Figures 2H, G,
and D.

Aside from the fact that aluminum cannot be silver
soldered nor welded readily, the uge of screws as a
ghield support has the added advantage cthat the threads
act as minute fins and reduce the amount of heat con-
ducted from the outer to the inner shield. Limiting the
supports to two screws further reduces the area available
for heat trangefer by conduction from outer to inner shield
end should give sufficient rigidity for the use contem-
plated. The use of aluminum, instead of the usual
stainless steel shields, is dictated by the fact that
aluminum, even when oxidized, has an emissivity only
about 25 per cent that of stainless steel. The nearly
universal acceptance of stainless steel shields may be
traced to the precedent established in a long liﬁe of high
gas temperature studies {(such as obtsired in slag~bearing
gases in pulverized-coal-fired, or oil fired furnaces)

and is uncallsd for in applications such as the prasent

Lm-lrhlm-l—

-
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one where the air temperatures are not expected to go
much beyond 200°F. BExtending the outer shield boyond
the inner will have the offect, noted previously, of
keeping more of the inner shield "in the shade". A 1 in.
long inner, 2 in. long outor shield epecimen might per-
form ms well (this would have to be ascertained experi-
mentally), but it was not tried dus to the marked
improvement noted above in géing from a 1 in. long
single-ghiaeld te a 2 in. long single specimen.

As mentioned previously, strictly speaking, the
raesults of the presient test apply only in the present
test rig. However, there is little reason to believe
that the best instrument in the present experimentsl
get-up will not slso be the best ilnstrument outside of
it though thig instrument may not perform as well in
e given installation, the performence of the other
specimens, 1t is anticipated, will be still worss.

At any rate, it is desirable to use the best inatrument
in the light of what is known and assume it will still
be best in an unknown situation when evidence to the
contrary is lacking.

Objections to the use of the umbrella-shield aspeci-

mens have already been dealt with above. Thelir greater

S
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—— s ——— — —w L SRR SELI L AL ST e remEeT A T ST ST L. - —m s ' ' i
; |

t




P UL S e ﬁ{*A

e s S ——
mc[nm ‘1‘0.1/\ BENGINERR PAGE
A i C.K.Gordon Jr 29

C]H ECHER

NORTHROP AIRCRAFT. INC. REPOGRY NO.

August 1955 1

{ NAI-55"278
MODEL

over-all inaccurecy is depicted in Figure 2J.

It was falt that coenstricting ths inner shisld
near the thermocouple junction (Figure LF) would
heve the desirable affect of promoting the convective
heat transfer from the junction as a result of

increased uir velocity. Such an instrument (Figure 4F)

‘was constructed to assess the amount of improvement,

i€ any. Unfortunately this modification resulted in
a less accurate instrument (Flgure 2I)." Thrée‘of the

5 strands on each thermocouple w;re had been ramoved

""ﬁgd ?ema}ning R sﬁrahds)of dach wiﬁe being formed n

into a junction, which shoeuld have resulted in 2 more
accurate instrument, sc that, evidently, constrleting
the inner shield has a more deleterious effect than

brought out by the present data.
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